Background: Clostridium difficile infection (CDI) carries a large burden on the national public health with its high morbidity and mortality rates. Patients with inflammatory bowel disease (IBD) are generally at higher risk of infection, recurrence and complications. Therefore, the need for more reliable and safe therapy is necessary. Our study aims to evaluate long-term fecal microbiota transplant (FMT) outcomes in the general population compared to patients with IBD.
Introduction
Clostridium difficile infection (CDI) carries a high national public health burden, with infection rates reaching 147.2 cases/100,000 persons [1], accompanied by high morbidity and mortality [2, 3] . CDI also has a high risk of recurrence, with approximately 10% -30% of patients developing at least one recurrent CDI episode, and risk increases with each successive infection [4, 5] . More problematic is the tendency of CDI to affect vulnerable populations including the elderly, immunocompromised and patients with inflammatory bowel disease (IBD) [6] [7] [8] .
Patients with IBD have been found to have higher rates of recurrence of CDI [8] . They are also at increased risk of having worse outcomes of CDI, including higher rates of colectomy and death [9] . Several factors have been identified as major contributors to the etiology of IBD: the activation and alteration of the mucosal immune system (loss of immune tolerance) [10] . A decrease in microbial biodiversity has been found in the mucosa and feces of IBD patients [11] . Therefore, the gut microbiome has been proposed as a key driver in the immune response seen in IBD and has gained more focus in recent observational studies [12] .
Several proposed factors play crucial role in the association between IBD and CDI including: drugs that are used for the treatment of IBD, which could alter the intestinal flora and promote colonization (including repeat courses of antibiotics), altered immune and nutritional status, frequent hospitalizations and even genetic predisposition [13, 14] . Thus, routine screening for CDI is recommended in all hospitalized IBD patients with disease flare-ups, according to the American College of Gastroenterology (ACG) [15] . It also recommends against escalation of immunosuppression therapy in patients with CDI, thereby posing a significant limitation in the treat-Outcomes of FMT in CDI Patients With and Without IBD Gastroenterol Res. 2018;11 (6) :397-403 ment of disease flare-ups and inducing remission. All these factors have led to increased interest in fecal microbiota transplantation (FMT), as a safe, efficacious and cost-effective alternative to recurrent or continuous courses of antibiotic therapy [16] . With a success rate averaging nearly 92% [17] , FMT has been incorporated in 2018 Infectious Disease Society of America (IDSA) guidelines for the treatment of the second recurrence of CDI [18] . The absence of clear defining guidelines on treatment of CDI in IBD patients makes it more challenging. The available literature regarding CDI and IBD is mixed and limited on the long-term safety and efficacy of FMT in IBD patients. Some studies have showed FMT as less effective treatment for this population [19] , and disease flare-ups have been reported following FMT in IBD patients [19] [20] [21] . Interestingly, two recent randomized controlled trials evaluating FMT in ulcerative colitis (UC) came to opposite conclusions. But both were underpowered to detect significant differences between FMT and placebo [22, 23] .
Our single center study aims to enrich the limited data on long-term safety and effective profile of FMT in patients with IBD, along with those without IBD.
Materials and Methods

Study design
This is a retrospective observational, single institution study, conducted at the Division of Gastroenterology, MedStar Georgetown University Hospital, and was approved by the institutional review boards. We sought to evaluate the long-term safety and efficacy of FMT for recurrent/refractory CDI in patients with and without with IBD.
Patient population
We included adult patients (≥ 18 years) who had recurrent or refractory CDI and underwent FMT between December 2012 and March 2017. CDI was defined as having diarrheal illness with positive stool C difficile EIA or PCR test. Recurrent CDI was defined as more than one episode of CDI in 1 year. Refractory CDI was defined first CDI episode, which did not resolve within 7 days of standard antimicrobial treatment. Patients with severe CDI requiring ICU admission were excluded.
Demographic data, comorbidities, the presence of IBD and prior treatment for CDI were recorded for each patient. Severity of diarrhea was scaled as follows: mild (< 3 bowel movements/day), moderate (3 -6 bowel movements/day), or severe (> 6 bowel movements/day). For patients with IBD, baseline disease activity, prior IBD complications and current IBD treatment were recorded.
FMT procedure
The source of donor stool was obtained from OpenBiome stool bank or patients' relatives/friends when available. The method of delivery and the amount of stool delivered were decided upon on a case-by-case basis and at the discretion of the primary investigator. Methods of delivery included colonoscopy, flexible sigmoidoscopy, enema administration, push enteroscopy or through enteral feeding tubes.
Post FMT, all patients were surveyed after 2 days, 90 days and at ≥ 1 year to assess the presence of diarrhea and severity, night time bowel movements, abdominal pain after FMT, use of antibiotics, hospitalizations related to diarrhea or abdominal pain, recurrence of CDI, development of new disease, and finally if they would consider FMT as their first choice if CDI happened to recur. Additional information collected for IBD patients post FMT included: subjective qualitative change in symptoms of diarrhea, abdominal pain, disease flare-up and escalation of therapy for IBD.
All patients were tested 2 weeks after FMT with repeat stool C difficile EIA or PCR test. Early and late recurrences were defined as diarrheal illness plus positive testing within or after 90 days post FMT respectively.
Study outcomes
The main outcome of this study was to evaluate the efficacy and the safety of FMT through calculating the primary and the secondary cure rates. Primary cure was defined as diarrheafree and negative stool C difficile testing results for ≥ 1 year after single FMT. Secondary cure was defined as resolution of CDI after FMT with either another course of antibiotics or repeat FMT. As a secondary outcome, we compared the efficacy of FMT in patients with CDI who has IBD vs. not.
Statistical analysis
Statistical analyses were performed to evaluate the difference in demographics, symptoms severity, methods of delivery and types of antibiotics in patients with and without IBD. Continuous variables were described by means and standard deviations and two sample t-test and Wilcoxon rank sum (when normality assumption of the data was not satisfied (skewed data))tests as appropriate were used to compare distribution of continuous variables. Categorical variables were described by frequencies and percentages and Chi-square and Fisher exact (when cells have counts less than 5) tests as appropriate were used to compare proportions of categorical variables. Statistical significance was defined as P < 0.05.
Results
Patients' characteristics and pre-FMT data
Between 2012 and 2017, 83 FMTs were conducted, 78 patients were included in this study, and five patients were excluded for severe CDI. The mean age of study patients was 57.5 ± 20.2 years, majority were females 69% (54/78) and had FMT done in outpatient settings 87.2% (68/78). Severity of diarrhea For the FMT procedure, the source of donor stool was OpenBiome stool bank in 60% (47/78), first degree relative in 36% (28/78), two cases from friends of the patient, and one from a medical student. Methods of delivery included mainly colonoscopy to terminal ileum 79.5% (62/78), cecum 7.7% (6/78), and spray throughout the colon in one case. Three cases were delivered through gastrostomy or jejunostomy tube, four were performed via flexible sigmoidoscopy, one case via enteroscopy, and one by enema administration. The amount of stool used was 250 mL in 59% (46/78) and 500 mL in 36% (28/78), and the remaining three cases had the following amounts used (480, 500 and 1200 mL).
Post-FMT data
The median follow-up time was 25 months (interquartile range: 16 -37 months). The primary cure rate for the whole study population was 76.9% (60/78). The early recurrence rate was 10.25% (8/78) where late recurrence was 12.8% (10/78). Out of the 18 recurrent cases, seven required repeat FMT where the remaining 11 responded to antibiotics. The secondary cure rate was (78/78) 100% at the end of the study (Fig. 1) .
For the IBD subgroup, there was no statistically significant difference in the primary and secondary cure rates comparing patients with and without IBD. Also, the early and late recurrence rates as well as the percentage of patient requiring repeat FMT were comparable between the two groups. Table 2 summarizes these results.
Interestingly, after FMT 50% (11/21) of IBD patients required some type of escalation of therapy that includes: change in class of medication 36% (4/11), addition of a different class of medication 27% (3/11) or surgery in 36% (4/11).
Regarding subjective report of IBD disease activity and symptoms after FMT, 28% (6/21) reported improvement, 66% (14/21) reported no change and one patient said his disease activity became worse, although that patient didn't require any escalation of therapy.
Abdominal pain after FMT in IBD patient resolved in 33.3% (5/15) patients, improved in 13% (2/15) and remained the same in 53% (8/15). Diarrhea was reported in 61% (13/21) patients.
Safety and adverse events
New diagnoses after FMT were reported in eight patients included; one skin basal cell carcinoma, one dysphagia and Schatzki ring, one community-acquired pneumonia, one partial large bowel obstruction, one shingles and carpel tunnel syndrome and one patient required hospitalization for colonic decompression 2 years after the FMT. One patient reported a small amount of weight gain. One patient reported more sensitivity to gas-provoking foods such as broccoli and Brussels sprouts. Two patients noted improvement in their energy and overall well being. Interestingly, 75% said they would want FMT as their first option if CDI happened to recur and the rest For IBD patients, reported adverse events were IBD flare in five patients, and timeline of these hospitalizations were variable from 1 week to 6 months after FMT, with one of these hospitalized patients eventually requiring ileal resection. Two patients required colectomy and one patient required diverting ileostomy (originally had IPPA pouch) due to worsening of disease activity. Table 3 summarizes complications in IBD patients.
Discussion
In our long-term follow-up survey of 25 months to assess the safety and efficacy profile of FMT in 78 patients with non-severe CDI, a 78% and 71% cure rate after first FMT was found in non-IBD and IBD patients respectively and a combined primary cure rate of 76%, reaching 100% in both populations after the second FMT or antibiotic therapy, with no reported serious adverse events directly related to FMT. These findings continue to demonstrate FMT as a favorable option for patients with recurrent and refractory CDI in the general population as well as in IBD patients.
The short-term efficacy of FMT has already been established and well-studied with cure rates up to 90% in the current literature. More attention has been focused on the reliability and safety profile in long-term outcomes, especially in high risk populations such as the elderly, immunosuppressed and patients with IBD. Recent published guidelines by IDSA recommend treatment of refractory and recurrent CDI unresponsive to appropriate antibiotic therapy after the second recurrence in the general population [18] . No guidelines have however been established to guide FMT therapy for CDI in IBD patients, who pose a great challenge in treatment of recurrent CDI, with their immunosuppressed status, chronic illness and multiple hospitalizations. Part of the reason for lack of such guidelines could be attributed to the mixed data and debate on applications of FMT in treatment of IBD itself [22, 23] and reports of exacerbation of IBD and inducing flare-ups of disease in patients who were otherwise in remission [19] .
The secondary cure rates on long-term FMT follow-up observed in our study are comparable to those reported by Brandt et al [24] , where 77 patients with a mean follow-up duration of 17 months, resulted in a 98% secondary cure rate. Their primary cure rate was 91%, compared to our findings of 79% in the total population. This difference could be attributed partially to a higher prevalence of IBD patients, although there was no statistically significant difference between our IBD and non-IBD primary cure rates. It is likely that due to the small sample size in both studies, methodological differences in delivery of stool, stool source and amount as well as other unmeasured factors such as comorbidities.
A large series published recently by Fischer et al in patients treated with FMT for recurrent/refractory CDI with concomitant IBD showed a cure rate of 79% after single FMT and up to 88% after two FMTs, which is also consistent with the results of our study [21] . The significant difference noted between Tabbaa et al Gastroenterol Res. 2018;11(6):397-403 primary and secondary cure in most studies may be because the first FMT might not be sufficient to completely restore the gut microbiota diversity, yet still provide enough diversity to help it become more responsive to the use of antibiotics in treatment of future recurrences. Although the decision on repeating FMT immediately versus trying a course of antibiotics was not standardized and was managed on a case by case basis, given the unique presentations and complexity of disease in these patients, it would be helpful in future studies to try establishing randomized studies comparing the second FMT and a course of antibiotics. More than half of the patients with IBD reported no change in disease activity (66.7%) and only one patient reported worsening of symptoms. Escalation of therapy was required in half of the cases. This should still be encouraging for eradication of recurrent CDI in these patients with the most effective measure, and yet to allow flexibility in choice of appropriate therapy, especially in a disease where younger populations compose a large portion, and in whom biologic agents would be preferable.
The timeline of early and late recurrence was similar in non-IBD patients, occurring 10.5% for both early and late recurrences. In contrast, IBD patients had nearly twice the number of late recurrences as compared to early recurrences (9.5%, 19%) respectively. These findings were different from a recent retrospective study done by Meighani et al [25] which showed a lower number of late recurrences (> 90 days) of 20% compared to early recurrences of 25% in the IBD population. This study was however limited to a 90-day follow-up, which does not enable the detection of later recurrences, as observed in our study up to more than 1 year, in one patient. Even though we report 100% cure rate after the second FMT, clinicians should still have a high suspicion in evaluating and treating hospitalized IBD patients for worsening diarrheal illness even if they have been cleared of CDI and remained symptom-free for an extended period, given the fact that most recurrence episodes (4/21, 19%) occurred > 3 months after FMT. Therefore, we still recommend checking for CDI in all IBD patients as per ACG guidelines [15] .
An interesting finding in the IBD population was that 93% of the non-recurrence group patients after the first FMT were taking 5-aminosalicylate acid products as part of their treatment regimen, compared to 33% of the recurrence group (P < 0.0035). Similar findings were seen in the study of Fischer et al [21] , but did not reach clinical significance. This raises the question about potential role of 5-ASA products in decreasing the chance of recurrence of CDI. ASA products play an important role in treatment of induction and in maintenance therapy in mild and moderate disease. ASA works by inhibiting leukocyte chemotaxis and production of chemotactic eicosanoids and interleukin-8 [26, 27] . It also protects the intestinal mucosa from oxidative stress injury caused by oxygen-derived free radicals [28] . A retrospective study done to identify risk factors for CDI in UC patients and outcomes found that 5-ASA treatment independently protected UC patients from colectomy. A study on CDI induced colitis in rat modules found that 5-ASA strongly inhibits acute C difficile toxin A-induced colitis [29] . Further studies would be useful to examine the association between use of 5-ASA products and the incidence, recurrence and complications of CDI.
Our study had several limitations including the retrospective nature of study and the potential for recall bias. We encountered difficulty in reaching all patients via the phone and there were also limitations pertinent to the use of chart review, which sometimes had missing data. Moreover, the antibiotic treatment protocol prescribed prior to FMT was not standardized. Results could also be affected by the diversities in the patient population with variations in comorbidities and reasons for FMT. Finally, there is a limitation from an absence of correlation with endoscopic findings in both IBD and non-IBD patients.
In conclusion, our positive long-term experience with FMT in the treatment of recurrent CDI, in a population having concomitant IBD, further supports the move towards early consideration of FMT. Even though our findings do not suggest that course of IBD is either altered or changed, they nevertheless support planned escalation of IBD therapy after eradication of CDI in patients with advanced disease.
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